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Summary: 
Megathyrsus maximus plays an important role in livestock production systems in developing countries. M. 
maximus breeding program at CIAT started in 2016. The best apomictic hybrids were selected and planted 
in the field in order to compare their agronomic traits with five cultivars. The experiment was conducted in 
Alpha lattice design. Genotypes were evaluated for five morphological traits during 2020 (plant biomass, 
plant height, growth habit, number of inflorescences, and leaf to stem ratio. Statistical analysis was carried 
out in META-R and R software. ANOVA revealed significant  differences (P < 0.05) among genotypes 
and evaluation date. Heritability for plant biomass, plant height, and number of inflorescens parameters 
was high (> 0.8) in all evaluation dates except for plant height in evaluation no. 4 when it was moderate 
(0.69). Flowering dynamics showed that more than 50% of the genotypes showed the highest flowering 
index at 31 days of regrowth. 




Megathyrsus maximus desempeña un papel importante en sistemas de producción ganadera en países en 
vía de desarrollo. El programa de mejoramiento de M. maximus en CIAT se inició en 2016. Los primeros 
20 híbridos apomícticos fueron seleccionados como promisorios y sembrados en campo con el objetivo de 
comparar sus características agronómicas con cinco cultivares comerciales. El experimento fue sembrado 
en un diseño Alpha lattice. Los genotipos se evaluaron en cinco caracteres morfológicos durante 2020 
(biomasa, altura, habito de cracimiento, numero de inflorescencias y relación hoja tallo). El análisis 
estadístico fue conducido en los programas META-R y R. El ANOVA revelo diferencias significativas (P 
< 0.05) entre genotipos y fechas de evaluación. La heredabilidad para los parámetros biomasa, altura y 
numero de inflorescencias fue clasificado como alto en todas las fechas de evaluación (> 0.8) excepto para 
altura en la evaluación 4 que fue moderada (0.69). La dinámica de floración mostro que el 50% de los 
genotipos expresan su mayor índice de floración a los 31 días de rebrote. 
Palabras clave: Panicum maximum, mejoramiento. 
 
Introduction 
Megathyrsus maximus (Jacq.) B.K. Simon & S.W.L. Jacobs, a perennial grass, plays an important role in 
livestock production systems in developing countries. This C4 grass has important characteristics such as  
leafiness, high quality feed, high production potential, suited for grazing and cutting, drought tolerant and, 
early season growth in some lines (Cook et al. 2020). The Megathyrsus maximus breeding program at CIAT 
started in 2016. The first genetic cross was made between a sexual genotype (used as the mother) and 90 
accessions from the CIAT genebank. The reproduction mode of the progeny obtained (Pm16) was 
characterized using the molecular marker p779/p780, which allows the identification of ASGR–BBML 
gene sequences present in apomictic genotypes in some Paniceae species (Worthington et al. 2016). 
Apomictic hybrids were subjected to a progeny test in order to corroborate the apomictic marker and 
characterize them with agronomic traits such as biomass production, growth habit, leaf-stem ratio, and seed 
production. The best 20 hybrids were selected as promising and planted in the field in order to compare 




The experiment was conducted in Alpha lattice design (Patterson and Williams 1976). The 
randomization of 20 genotypes plus five checks (Agrosavia sabanera, Tanzania (CIAT:16031), Mombasa 
(CIAT:6962), Tamani and naturalized Megathyrsus) was done with design.alpha function from agricolae 
package (R software v 4.0.3.). The design constitutes 5×5 i.e. five blocks each of 5 genotypes, planted in 
four replications. Each genotype was planted with four plants per experimental unit. The experimental units 
were spaced 2 m from each other and rows were spaced 1.5 m (Figure 1). 
 
Figure 1. Randomization of 25 genotypes in Alpha-lattice design. 
 
Morphological traits evaluated 
Genotypes were evaluated for five morphological traits during 2020. These traits included plant biomass 
(PB; visual estimation: 1-9 scale, 1 = very low biomass and 9 = very high biomass), plant height (PH; cm), 
growth habit (GH; 1 – 5; 1 = very prostrate and 5 = erect), number of inflorescences (NI; 1 – 5; 1 = no 
inflorescences, 5 = 100% flowering), and leaf to stem ratio (LSR; 1-5; 1 = very stemmy and 5 = very leafy). 
We conducted four evaluations after 45 days of regrowth. In the fourth evaluation, flowering and growth 
dynamics were studied, for this, plant height and number of inflorescences was determined every 2 days 
from the 28 to 45 days of regrowth.  
 Nutritional quality  
For nutritional quality only 5 genotypes (FM1701 / 060, FM1701 / 081, PM16 / 041, PM16 / 043, and 
PM16 / 106) were evaluated and compared with the 5 checks. Samples was harvested at 45 days of regrowth 
with a frame (0.5 x 0.5 m) at 5-10 height cm from the ground.  Fresh weight was registered in plant samples 
and dried at 60 C̊ for three days. Finally, dry weight was registered.  
The measurements of quality parameters were determined in the animal nutrition and forage quality 
laboratory of CIAT using Near Infrared Reflectance Spectroscopy, according to, ISO 12099:2017.  Crude 
protein and was measured using a FOSS Kjeltec ™ 8100 (Foss Company, Hillerøed, Denmark) according 
to the guidelines of the Association of Official Analytical Chemists AOAC, Method 2001.11 (AOAC 
International, 2002). Concentrations of NDF and ADF were measured sequentially, according to operating 
instructions ANKOM 2000 fiber analyzer (Ankom Technology, 2011) and according to the methods of Van 
Soest and Robertson (1991). Digestibility was measured according to Tilley and Terry (1963). 
Statistical analysis 
Statistical analysis was carried out in META-R (multi-environment trial analysis in R; Alvarado et al. 2020) 
and R software (R Core Team, 2020). META-R was used to estimate the best linear and unbiased estimators 
(BLUEs), the best linear and unbiased predictors (BLUPs), variance-covariance parameters, phenotypic 
and genetic correlations among environments (evaluation dates) and traits (PB, PH, and NI variables), the 
coefficient of variation in percentage (CV), the genetic variance, the broad-sense heritability, and least 
significant difference (LSD at 5% of significance). Each evaluation date was considered as the environment. 
R software was used to make (a) a density graph to know data distribution (from PB, PH and NI variables) 
using ggplot2 package (Wickham, 2011) and (b) an ANOVA for individual evaluation date using PBIB.test 
function from agricolae package, and (c) a combined ANOVA across evaluation date assigned BLUPs as 
values of each genotype and using the evaluation date as the replicates by lm model. 
Results  
 General 
Biomass and plant height showed a normal distribution (Figure 2). Plant height values were higher in times 
of maximum rainfall (evaluations 3 and 4), ranging from 29.5 to 92.25 cm, 35 to 95 cm, 56.25 to 117.5 cm, 
and 58.7 to 101.25 cm for evaluation 1, 2, 3, and 4 respectively (table 1, figure 2). In all evaluation dates, 
plant biomass and plant height values were higher in Mombasa, Tanzania, and Sabanera cultivars (table1). 
FM1701/060, FM1701/081, PM16/041, PM16/043, and PM16/106 hybrids presented better performance, 
expressed in high biomass and higher height (Table 1). Growth habit scores showed a normal distribution 
(figure 3). Evaluated genotypes showed to be mostly of type 3 growth habit (44%, figure 3), ideal for 
grazing systems. Four percent of the genotypes showed to be of type 1 growth habit. These genotypes 
resemble a bowl-shaped bird's nest; they are characterized by having very long leaves and growing at an 
angle less than 45̊ from the ground. Finally, 20% of the genotypes presented a type 5 growth habit (erect), 
some with short and narrow soft leaves, these genotypes are ideal for cut and carry systems.                
 
Figure 2. Data distribution of parameters evaluated in Pm16 population in four evaluation dates. 
 
 
Figure 3. Data distribution of growth habit evaluated in Pm16 population. 1 = plant prostrate and 5 = 
plant erect. 
Table 1. Mean values of plant biomass and plant height in 25 genotypes. The mean difference is 
significant at 0.05 level. 
 
Analysis of variance and heritability 
Individual evaluation date ANOVA revealed significant (P < .05) differences among genotypes for plant 
biomass and plant height (Table 2). Heritability for plant biomass, plant height, and number of inflorescens 
was high in all evaluation dates (> 0.8) except for plant height in evaluation 4 when it was moderate (0.69) 
(Table 2). These values suggest that genotype selection based on plant height may be effective. High 
heritability values indicate that the expression of the evaluated trait is less influenced by the environment. 
ANOVA results across four evaluation dates showed significant (P < .05) differences for both plant biomass 
(F = 3.15) and plant height (F = 33.34). 
Table 2 ANOVA of plant biomass and plant height for 25 M. maximus genotypes evaluated in 2020. 
 
Eval1 groups Eval2 groups Eval3 groups Eval4 groups Eval1 groups Eval2 groups Eval3 groups Eval4 groups
FM1701/011 5.5 efg 4.1 defg 3.5 defg 4.5 fghi 86.25 ab 83.75 bc 82.5 efg 95 ab
FM1701/014 4.75 ghi 3.8 efg 3.5 defg 2.5 klm 78.75 abcde 77 bcdefg 87.5 def 78.75 cde
FM1701/018 6 de 5.0 bcde 4.4 cde 4.3 ghij 85.5 abc 81.75 bcde 80 efgh 83.75 bcde
FM1701/021 3.25 kl 3.9 efg 4.1 cdef 6.5 bcde 67 efg 67.5 ghij 90 cde 98.75 a
FM1701/038 2.75 lm 3.1 gh 3.9 cdef 3.3 ijklm 74.5 bcdef 79.5 bcde 97.5 bcd 78.75 cde
FM1701/060 6.75 cd 5.3 bcd 4.5 cd 5.8 cdefg 66.5 efg 71.75 efghi 101.25 bc 87.5 abcd
FM1701/063 5.75 ef 4.9 cde 3.3 defgh 4.8 fghi 73.75 bcdef 71.75 efghi 72.5 gh 76.25 cde
FM1701/064 3.75 jk 3.0 gh 4.5 cde 7.3 abc 29.5 i 35 l 78.75 efgh 90 abc
FM1701/081 6 de 6.2 b 5.4 bc 6.0 cdef 67.5 efg 66.25 ghijk 81.25 efg 75 de
FM1701/083 4.25 hij 2.2 hi 2.9 efgh 2.8 jklm 69.25 defg 73 cdefgh 82.5 efg 88.75 abcd
FM1701/084 5 fgh 3.0 gh 2.7 fgh 3.8 hijkl 77 abcdef 72.25 defghi 67.5 hi 71.25 ef
FM1701/097 6 de 5.5 bc 4.8 cd 5.3 defgh 73 bcdefg 74.5 bcdefgh 76.25 fgh 82.5 bcde
PM16/030 7.25 bc 4.1 defg 4.2 cdef 5.0 efgh 65 efg 65 hijk 78.75 efgh 82.5 bcde
PM16/041 7.75 b 5.7 bc 4.4 cde 4.3 ghij 57.5 gh 55.5 k 71.25 gh 80 cde
PM16/043 7.25 bc 5.0 bcde 5.2 c 4.5 fghi 70 cdefg 72 efghi 90 cde 82.5 bcde
PM16/106 7 bc 5.8 bc 4.0 cdef 4.8 fghi 69.5 defg 67.75 fghij 77.5 efgh 81.25 bcde
PM16/137 4 ijk 3.3 gh 3.4 defgh 5.3 defgh 65.25 efg 61.5 ijk 78.75 efgh 91.25 abc
PM16/141 3.75 jk 5.2 bcd 5.1 c 5.0 efgh 80.5 abcde 84 b 87.5 def 88.75 abcd
PM16/152 2.25 m 1.5 i 1.9 h 2.3 lm 76.5 bcdef 78.5 bcdef 97.5 bcd 91.31712 abc
PM16/157 5.25 efg 3.4 fgh 2.1 gh 1.7 m 69.75 defg 73.75 bcdefgh 82.5 efg 73.87994 def
Sabanera 5 fgh 5.9 bc 6.8 ab 8.3 a 84.25 abcd 83 bcd 106.25 ab 87.5 abcd
Tamani 2 m 3.4 fgh 5.1 c 4.0 hijk 42.25 hi 41 l 56.25 i 58.75 f
Tanzania 4.75 ghi 7.7 a 7.5 a 7.8 ab 61.75 fg 58.5 jk 78.75 efgh 76.25 cde
Mombasa 8.75 a 8.9 a 8.0 a 6.8 abcd 92.25 a 95 a 117.5 a 90 abc
Naturalizada 5.5 efg 4.7 cdef 4.6 cd 7.0 abc 68 efg 61.5 ijk 90 cde 101.25 a
Plant biomass Plant Height
Genotype
Plant biomass Plant height
Source Df Sum Sq Mean Sq F value Source Df Sum Sq Mean SqF value
Genotype 24.0 285.34 11.89 39.016 < 2.2e-16 *** Eval1 Genotype 24 16953.0 706.4 5.8 2.76E-08 ***
Residuals 56.0 17.06 0.30 Residuals 56 6771.0 120.9
Genotype 24.0 245.41 10.23 12.626 7.105E-15 *** Eval2 Genotype 24 16762.0 698.4 11.9 2.55E-14 ***
Residuals 56.0 45.35 0.81 Residuals 56 3285.0 58.7
Genotype 24.0 181.46 7.56 7.2841 5.368E-10 *** Eval3 Genotype 24 15951.5 664.7 7.7 1.758E-10 ***
Residuals 56.0 58.13 1.04 Residuals 56 4816.4 86.0
Genotype 24.0 266.13 11.09 9.4307 6.133E-12 *** Genotype 24 8121.5 338.4 3.2 0.0001858 ***







Table 3 Summary statistics, variance components, and heritability of number of inflorescences, plant 
biomass and plant height for 25 M. maximus genotypes evaluated in 2020. 
 
Flowering and growth dynamics 
Flowering dynamics showed that more than 50% of the genotypes showed the highest flowering index in 
evaluation 3 (31 days of regrowth, figure 4). Although plants continue growing, the onset of flowering 
triggers leaf senescence, and to make better use of resources, plants mobilize nitrogen from the leaves to 
the nearest sinks (e.g. flowers), as a consequence, the nutritional value from this date could decrease 
considerably. Few genotypes (Mombasa, naturalized Megathyrsus, PM16 / 041, FM1701 / 081, Tamani, 
and Tanzania) presented low flowering index, these genotypes are characterized by high leaf/stem ratio. 
Data obtained from the growth dynamics study (height; figure 5) showed that the hybrids of our breeding 






1 0.55 19.11 1.35 0.30 0.95
2 0.50 15.83 1.78 0.23 0.97
3 0.84 39.27 1.50 0.76 0.89
4 0.70 21.99 1.05 0.49 0.90
1 0.55 10.60 2.90 0.30 0.97
2 0.90 19.47 2.52 0.80 0.93
3 1.04 23.05 1.85 1.03 0.88
4 1.06 22.52 2.62 1.18 0.90
1 10.03 15.70 146.37 120.91 0.83
2 7.34 10.94 159.94 58.66 0.92
3 8.67 10.99 144.66 86.01 0.87





program can be divided into two morphological groups as tall / medium (TM, e.g. FM1701 / 083) type and 
short (S, e.g. FM1701 / 081) type. 
 
 
Figure 3 Flowering dynamic in 25 genotypes of M. maximus evaluated in 2020. 
 
 
Figure 4 Growth dynamic (height) in 25 genotypes of M. maximus evaluated in 2020. 
Nutritional quality 
Nutritional quality variables showed high values of heritability in all evaluation dates except for fresh 
weigth in evaluation date 4 (Table 4). The hybrid with best crude protein content in all the evaluation dates 
was Pm16/041 only surpassed by the check Tamani. The same hybrid showed best content of acid and 
neutral detergent fiber (lower values) and high dry matter digestibility in vitro. 
Table 4 Heritability values of nutritional quality variables measured in selected Pm16 hybrids. NDF: 







NDF FDA DMDIV 
1 0.86 0.44 0.80 0.69 0.90 0.90 
2 0.77 0.85 0.74 0.64 0.78 0.84 
4 0.73 0.85 0.46 0.72 0.86 0.92 
 
Table 5 Mean values of nutritional quality variables measured in selected Pm16 hybrids. NDF: Neutral 





Process and analyze images captured with a drone in order to obtain indices of greenness, area and 
volume of the plants and correlate these with the variables obtained in the visual evaluations. 
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